In the framework of the Santiago of Compostela Cathedral program, a multidisciplinary investigation of the porch of the glory was carried out between 2009 and 2011 to identify the main environmental risks and to develop a preventive conservation planto be integrated in the general management strategy of the Cathedral. The study included historic and archivist research, structural studies, mineralogical analyses, biological sampling, cleaning tests and microclimatic monitoring. The main weathering factors and the related damage processes were identified. Results have shown that the main responsible for the observed damage was the infiltration of rainwater through the roof, due to cracks in the structure of the Cathedral. Other environmental factors having a remarkable impact on the state of conservation of the polychrome and its substrate were the solar radiation, the thermo-hygrometric cycles, the particle deposition and the biological growth. Solutions were suggested to improve the environmental conditions, thus reducing further damage.
Introduction
The Santiago of Compostela Cathedral is one of the main destinations of pilgrimage since the Middle Ages. It was declared heritage of cultural interest in 1896 and the old city of Santiago the Compostela, in which the Cathedral is situated, the UNESCO world heritage site in 1885. The porch of the glory constitutes the closure of the cathedral west facade and it was carved by Master Matthew between 1168 and 1188, with its 200 sculpted figures representing the Last Judgment, it is a masterpiece of Romanesque sculpture and it represents the most distinctive and recognized beauty of the Cathedral.
The "Santiago of Compostela Cathedral Program" (2006) (2007) (2008) (2009) (2010) (2011) (2012) , financed by the Foundation Pedro Barrié de la Maza, consisted in a multidisciplinary study of the porch of the glory for the assessment of the main environmental factors affecting the state of conservation of the materials and the development of a preventive conservation strategy and restoration plan. In particular, it contemplated the following work phases for the porch of the glory to be executed between 2009-2011: preliminary study, monitoring and diagnosis, risk assessment, preventive conservation and restoration plan.
Materials and Methods
The program started with a preliminary research in mmer for the ar maps ma cumented [5] . re frequent her than 2 °C h a maximum ar irradiation face tempera reases of mor The hygrom nerally quite d maxima freq r 55% of th midity was h ue for the ris tribution of use the disso ts, indicates 6% of the to h a rate of uilibrium RH itic alteration inly evident ngers, curls) ( The study of se to the su aluate the dep tegy for the P ation processes scences on the high relief ade by Coo . In this point in the range C for a third m of 5 °C. I n in summer ature of the re than 1 °C i metric value high, with an quently reach he total tim higher than 6 sk of biodete the hygrom olution/crysta that the cycl otal time (ab sampling of H value of N n of the gra in the thin (Fig. 1) [9] . f the thermo urface of the position of pa particular the impact of two phoretic processes [10, 11] . Results shown that for most of the year the termophoresis was inhibited, because for the most of the time surface temperature was higher than air temperature. Contrariwise, the diffusiophoresis was slightly favored (60% of total time) and it was more probable in winter and early spring. Moreover, during the whole year of monitoring, the study of the vertical thermal profile showed that the upper part of the porch was characterized by instability, thus favoring vertical motions of air masses and so transport of suspended particles [7] . The removal of the scaffolding, necessary to make the higher part of the porch accessible to the scientific investigations, would enhance stability favored by the entrance of external air from the front doors, generally characterized by lower temperature. Nevertheless, the absence of thermal equilibrium between air and surfaces would always favor vertical air flow along the walls where the geometry of the high-reliefs will cause local turbulence, so inertial deposition of the fine particles
Conclusions
The multidisciplinary study allowed an integrated assessment of the main environmental risks for the conservation of the porch of the glory and their prioritization according to their potential of damage [4] . The main environmental phenomena having a remarkable impact on the state of conservation of the polychrome and its substrate were singled out:
rainwater infiltration through the roof, due to failures in the structure of the cathedral, that mobilized the soluble salts and favored the capture by the surfaces of the suspended particles; impact of the solar radiation, that enhanced thermal stress, that forced the evaporation of the filtrated water and the crystallization of the soluble salts, with phenomena of sub-efflorescences and efflorescences, crackling, detachment and loss of material (especially of the paint layer); particle deposition, responsible for blackening and chemical interaction with the substrate, in particular in presence of water (infiltration or condensation); biodeterioration, favored by the presence of water and the high values of relative humidity.
Once the environmental factors responsible for the most important damage processes at the porch had been identified and prioritized, several actions listed hereunder were suggested in order to stop these processes or at least reduce the circumstances favoring them.
First of all the technical direction of the program during the development of the project produced a plan for the repair of the cover between the two towers and the gallery above the porch, in order to stop the rainwater infiltration. The work was made between December 2010 and January 2011 and this intervention improved quickly the situation.
Then, to stabilize the microclimate, it was suggested to reduce the exchange between the internal and external atmospheres, for example repairing the windows and doors, especially the south one that presented deep fissures. Moreover, the use of the doors (especially the north one) should be controlled, reducing it on the occasion of special events, in line with the management of the access to the Cathedral. A better management of the opening/closing of the doors will surely contribute to reduce the turbulence, so the inertial deposition, caused by the atmospheric instability in the upper part of the porch. The short term analysis performed during the occasional removal of the scaffolding showed more stability but higher ventilation, two opposite conditions for the risk of the inertial deposition. Anyhow, deeper analysis by mean of a fluid dynamic model would be useful to draw final conclusions on the management of the openings.
The impact of IR and UV radiations on the surface of the tympanum, the most dangerous for conservation purposes [12] , should be stopped by the installation of Last, but not least, a better management of the pilgrims' access to the Cathedral is advisable, as they are one of the main vectors of pollutants and water (especially in rainy days).
The suggested interventions, in order to be effective and sustainable, need to be integrated in the general management strategy for the conservation of the whole Cathedral.
